Summary
Introduction
People with obesity are frequently exposed to bias, discrimination and ridicule (1) (2) (3) (4) (5) (6) and are almost universally ascribed negative characteristics (7) (8) (9) . The direct experience of weight-related stigma is associated with a myriad of poor psychosocial outcomes (1, 5, 10) as well as reduced engagement in health behaviours (11) . The effects of weight-based stigma can become more severe when they are internalized (referred to hereafter as 'weight self-stigma') (12) (13) (14) , and thus, researchers have called for intervention development to address weight selfstigma in treatment settings (5, 15) .
Currently, there is little known about whether baseline levels of self-stigma are related to weight loss success and/or about interrelations among change in self-stigma, weight control behaviours and weight. Weight loss is associated with modest improvements in psychological outcomes (16, 17) and thus could also potentially reduce weight self-stigma, perhaps in part due to positive feedback from others for successful weight loss efforts. Alternatively, participating in weight loss intervention could reinforce weight loss stereotypes (e.g. that weight is entirely within an individual's control) which could exacerbate stigma.
Researchers have distinguished between two types of self-stigma -self-devaluation and fear of enacted stigma -that result from one's identification with a stigmatized group (18, 19) . Specifically, self-devaluation is the internalization of negative beliefs about oneself and association with negative characteristics due to the stigmatization. Fear of enacted stigma is the fear that others will have unfavourable attitudes and engage in ridicule, bias or discrimination towards the individual. In short, self-stigma is when individuals come to associate themselves with negative characteristics and fear that others will too.
Studies on the self-devaluation component of weight self-stigma have been mixed. Some studies have shown small reductions in self-devaluation following completion of short-term healthy eating or weight management programmes (20, 21) , whereas another found no significant association between changes in weight and selfdevaluation (22) . The role of baseline self-devaluation in weight loss success has yet to be established, with one cross-sectional study suggesting that higher baseline self-devaluation predicted poorer weight maintenance (15) and another study finding no relationship between baseline self-devaluation and weight loss (23) . Only one study examined fear of enacted stigma in the context of weight loss and found that baseline fear of enacted stigma predicted less weight loss 3 months later after controlling for demographics, eating problems and psychological symptoms (23) . No studies have examined the effect of participation in a weight loss programme on fear of enacted stigma.
The current observational study is a set of exploratory analyses that examine the relationship between weight self-stigma and weight change in a recently published randomized trial evaluating two different weight loss treatments. This trial compared a 12-month acceptancebased behavioural intervention (ABBI) to a standard behavioural treatment (SBT) for weight loss among 162 adults with overweight and obesity who reported high internal disinhibition. Overall weight change (baseline to 24 months, reported previously) was À4.2% for ABBI and À2.4% for SBT, a non-significant difference. However, during the post-treatment phase (12-24 months), the ABBI group regained significantly less weight than SBT (4.6 kg for ABBI vs. 7.1 kg for SBT, p = 0.005) (24) .
The current study aims were to (a) examine baseline weight self-stigma means in the context of demographic variables and previously published norms, (b) test whether weight self-stigma was reduced or increased in the course of exposure to weight loss intervention, (c) examine whether there were associations between weight self-stigma variables and weight change and (d) explore adherence to weight control strategies as a potential pathway by which weight self-stigma might influence weight change in the context of a weight loss intervention.
Methods

Design
The current study was a longitudinal examination of weight self-stigma, weight control behaviours and weight change in the context of weight loss interventions with assessments occurring at baseline, 6, 12, 18 and 24 months. The original study compared two behavioural weight loss intervention across 32 sessions over 12 months in a faded contact design (24, 25) . The full details of the study procedures and primary results can be found elsewhere (24, 25) ; however, relevant aspects are reviewed here. For the purpose of the current study, data were collapsed across treatment conditions because there were no significant differences between groups on weight self-stigma at any time point.
Participants
Participants (N = 162) were 18-70 years of age, had a baseline body mass index (BMI) between 30 and 50 kg m À2 and reported elevated levels of internal disinhibition (defined as a score of 5 or higher for women or 4 or higher for men on the internal disinhibition subscale of the eating inventory). A detailed description of the screening process and establishment of the internal disinhibition cut-off can be found in the study protocol (25) . All participants from the original trial were used in the current study.
Measures
Anthropometric
Weight was measured to the nearest 0.1 kg using a digital scale, and height was measured to the nearest millimetre with a stadiometer, using standardized procedures, and used to calculate BMI (kg m À2 ). Percent weight loss was used as the measure of change while baseline BMI was used as a covariate where appropriate in the analyses.
Weight Self-Stigma Questionnaire (WSSQ)
The WSSQ is a 12-item measure of weight self-stigma using a 5-point Likert-type rating that ranges from 'completely disagree' to 'completely agree' (19) . It contains two subscales: self-devaluation and fear of enacted stigma. The self-devaluation subscale contains six items that pertain to ascribing personal blame and endorsing negative characteristics because of one's weight. For example, one question reads, 'I became overweight because I am a weak person'. The fear of enacted stigma subscale contains six items that assess the degree to which someone is concerned with the possibility of being the target of ridicule, bias or discrimination because of one's weight. For example, one question reads, 'Others will think I lack self-control because of my weight problems'. Total weight self-stigma and its subcomponents have demonstrated adequate internal consistency and construct validity (19) . In the current study, the full scale WSSQ Cronbach's Alpha was 0.86, the selfdevaluation subscale was 0.80 and the fear of enacted subscale was 0.86.
Weight Control Strategies Scale (WCSS)
The WCSS is a 30-item self-report measure used to assess the use of specific strategies for losing or maintaining weight loss (26) . The WCSS contains four subscales: dietary choices, self-monitoring strategies, physical activity and psychological coping. Higher scores indicate greater use of weight control strategies. The WCSS has been shown to have good reliability and validity for use in overweight and obese weight loss treatment-seeking samples (26) . In the current study, the full scale WCSS Cronbach's Alpha was 0.89.
Statistical analysis
All analyses were completed using IBM SPSS Statistics software version 24 for PC in 2018. Differences in baseline characteristics between groups were examined using independent samples t-test and chi square analysis. Chi square and Pearson correlations were used to examine associations of gender and age on baseline levels of both self-devaluation and fear of enacted stigma. Change in weight, weight self-stigma and use of weight control strategies were analysed with linear and nonlinear mixed effects models. Unconditional models were used to determine whether a linear or nonlinear trend best fit the longitudinal trajectory of the outcomes (non-linear was the best fit for weight loss; linear was better for all other analyses), and to evaluate the variance components associated with the slope of time to determine assignment as fixed versus random effects (intercepts and slopes were treated as random effects in all models). The unit of time was represented as months from baseline. All significance tests were two-tailed, with alpha set to 0.05. Overall estimated marginal means were calculated using the linear mixed modelling procedure described earlier. The analytic approach accommodated missing data by making use of all available data from all randomized participants.
The impact of change in weight self-stigma on change in weight was examined in a similar manner using the linear and non-linear mixed effects models described previously; however, percent weight change was used as the dependent variable (DV) with change in weight self-stigma and the use of weight control strategies as the predictor variables.
Finally, an examination of possible pathways for the impact of weight self-stigma on weight change was conducted. The use of weight control strategies was proposed as a potential mediator as it represents the degree to which individuals use the common strategies taught in behaviour weight loss. Mediation analyses were performed for any weight self-stigma variable that showed a significant association with weight change (only selfdevaluation) using post-treatment (12 months) change in weight self-stigma as the independent variable (IV), post-treatment change in the use of weight control strategies as the mediator and 24-month percent weight change as the DV. Mediation was tested by assessing the significance of the cross product of the coefficients for the IV to mediator relation (the a path), and the mediator to outcome relation controlling for treatment (the b path), using a well-validated and widely utilized bootstrapped procedure (27) (28) (29) . Parameter estimates were based on 5,000 bootstrap samples. The point estimate of the indirect cross product is the mean for these 5,000 samples which ensures stability of the analyses; the bias corrected and accelerated 95% confidence intervals are similar to the 2.5 and 97.5 percentile scores of the obtained distribution over the samples, but with z-score based corrections for bias due to the underlying distribution (28, 29) . Thus, if the confidence intervals do not contain zero, the point estimate is significant at the level indicated.
Results
Baseline characteristics
As shown in Table 1 , the sample was primarily female, non-Hispanic White and middle aged. Baseline weight self-stigma levels were consistent with published norms for weight loss treatment-seeking adults with overweight and obesity (treatment-seeking full scale norm M = 35.98; self-devaluation M = 19.32; fear of enacted M = 16.66) (19) . There were no significant differences between genders on mean baseline score Changes over time Table 2 shows the results of the mixed effects models analysis. Overall change in weight was significant, with participants losing the most weight at 6 months and then gradually regaining over time. Reductions in selfdevaluation and increased in the use of weight control strategies followed a similar pattern. Change in WSSQ full scale and fear of enacted stigma over time was not significant.
Variables associated with weight change
Losing weight was significantly associated with reduction in self-devaluation and increased use of weight control strategies. There were no significant effects for baseline BMI, baseline self-devaluation and baseline weight control strategies. See Table 3 for results.
Mediation model for the impact of self-devaluation on percent change in weight Given that the only weight self-stigma variable significantly associated with weight change was change in self-devaluation, one mediation analysis was performed using change in self-devaluation as the IV, change in the use of weight control strategies as the mediator and percent weight change as the DV. Bias-corrected 95% confidence intervals showed that changes in use of weight control strategies mediated changes in weight (F = 14.86, p < 0.001; CI 0.09-0.37). Figure 1 shows the path analysis betas and p values. Both self-devaluation to mediator paths (a) were significant, the mediator to weight change path (b) was significant and the effect of the self-devaluation to weight change (c path) was Values shown are mean ± standard deviation. significantly altered when taking into account the mediator (c' or mediated intervention path), indicating that mediation was observed. Given that self-devaluation and weight control strategies were measured at the same time, an examination was conducted to determine the possibility that self-devaluation, rather than use of weight control strategies, was the mediator. The reverse mediation model was tested using change in the use of weight control strategies as the IV and change in self-devaluation as the mediator. Bias-corrected 95% confidence intervals showed that changes in selfdevaluation did not mediate changes in weight in this model (CI À0.94-0.39; the c path was not significantly altered when taking into account the mediator).
Discussion
The currents study is the first to examine the relationship between both aspects of weight self-stigma, selfdevaluation and fear of enacted stigma, with weight loss in the context of a behavioural weight loss intervention study. Decreases in self-devaluation were associated with reductions in weight, and greater increases in the use of weight control strategies mediated the relationship between change in self-devaluation and change in weight. Importantly, participation in the weight loss programme did not exacerbated self-stigma in the current study. Self-devaluation decreased significantly over time, despite the fact that it was not targeted in treatment, and decreases in self-devaluation were associated with reductions in weight. Although contrary findings exist, the observed association between self-devaluation and weight change adds support to previous studies with similar results. However, it is unclear how to account for the observed change given that self-devaluation was not explicitly targeted in either intervention. One possibility is that self-devaluation decreases as a function of the non-specific factors involved in group treatment, such as social support and therapist contact. Additionally, participants might improve in competence and confidence as they make significant behavioural changes as part of behavioural weight loss, and thus experience improvements in self-devaluation as a result. A third possibility is that losing weight leads to reduced self-devaluation, due at least in part to the change in one's body shape. This study is post hoc and exploratory in nature, precluding a strong interpretation; however, these possibilities can be tested empirically in future studies.
The mediation analysis found that increases in the use of weight control strategies mediated the effect of change in self-devaluation on weight change. In other words, the data suggest that as individuals adopt a less stigmatizing stance towards themselves, they may engage in more weight control behaviours, which in turn improves weight loss. Importantly, a second mediation analysis found no evidence to support the reverse model (that as individuals use more weight control strategies they take a less stigmatizing stance, thus improving weight loss). Nonetheless, it is important to note that these findings are preliminary given the IV and mediator were measured contiguously.
If we assume the validity of the mediation analysis findings, it would have important implications as it suggests that stigma reduction could be a new target to address in treatment to potentially improve weight loss outcomes. Stigma reduction interventions currently exist and have been applied to weight stigma, and thus, harnessing existing intervention methods would not be particularly difficult. For example, a recent intervention taught mindfulness and acceptance skills to increase the awareness and reduce the believability of stigmatizing thoughts in order to reduce the impact of self-stigma on health behaviour with positive results (30) . Given the wide-ranging impact of stigma on mental health, there could be additional benefits to targeting it in behavioural weight loss Figure 1 Results of mediation analysis. in improving overall mental health functioning. This could be important as even successful participants often remain overweight or obese, keeping them at high risk for stigma. Future studies also need to examine whether targeting self-devaluation directly in treatment could lead to greater changes in self-devaluation than observed in the current study, and whether greater reductions in self-devaluation could lead to greater weight loss.
Baseline levels of weight self-stigma in this study were consistent with previous research using weight loss treatment-seeking adults with overweight or obesity, which is about a half standard deviation above non-treatment seeking adults. Baseline levels of selfdevaluation and fear of enacted stigma were not associated with weight loss, suggesting that weight self-stigma is not a limiting factor in regard to behavioural weight loss treatment success. Baseline BMI was associated with fear of enacted stigma, which makes sense given that individuals with a higher BMI become more likely targets of bias, discrimination and ridicule. Also of note, no associations were found for age, gender or racial or ethnic minority status and weight self-stigma.
Fear of enacted stigma did not change significantly over the course of treatment and no relationship was observed between fear of enacted stigma and weight loss. This suggests that one's assumptions about how they will be treated by others may be resistant to change despite the fact that improvements in self-concept may be attainable through intervention. Individuals may need to experience substantial changes in body shape coupled with repeated exposure to previously stigmatizing contexts before meaningful changes in fear of enacted stigma can be observed given how pervasive weight-based stigmatization is.
This study has strengths including a relatively large sample, a 2-year timeline and multiple assessments to allow for some testing of sequence of change. The study is limited by a relatively homogenous sample consisting mostly of White middle-aged women. Another major limitation of the study is the infrequent measurement of change in self-stigma and change in the use of weight control strategies.
The current analysis was a post hoc longitudinal examination of the association between change in weight self-stigma, weight control behaviours and weight loss. Reductions in one aspect of weight self-stigma, selfdevaluation, was associated with improved weight loss and increases in the use of weight control strategies mediated the association between reductions in selfdevaluation and greater weight loss. Thus, there may be potential for incorporating intervention methods targeting the reduction of self-stigma in order to improve obesity outcomes via improved adherence to the use of recommended weight control strategies.
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